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in o previcuws sludy of hurricane motion, ithe climatologleal eit-
perience of tropicel storms in the pericd 1386.3663% was relmted
to the track of Hurricens Cleo of Augunt 120k, Storm movements

within 5° gouores centered on specific points mlong the path of

Cleo will be {nvestigated. Nine such 5° mouwres wve ghown in
thiv firsg slddec ' A e .

N : coatbe TSy e
Considering only those storme which occur within two weeks before
or after Cleo won at the center ¢f the epecific sBguare, probe
ability ellipses of positicnns of the tropical sicrus were con-
slructed. The ypointe shown on these figures are adjusted points.
If e stora trach passed through the ghuded sguars but 41d not
{ravel through the center, the track wos adjusted to the center
of the squars and Lhe end point of the 35 hour travel plotted on
the path g it would be 1 it bad pessed tbrough the center 36
hours previously. %ha top figure in this slide shows $he 95 and-
k0! provability ellipses for adjusted positions 36 hours subse-
quent 0 passags through the ceater of the ghaded asquare. This
uppermost figure censiders 8ll storm tracke whlch pagsed through
the square within wo weeke vefore or after the calendsr date of
Cleo’e Joocation 64 the gguare center. .

Yhe middle figuie congiders only balf of these florms. - ALl storm
tracke were srreyed by i hour sntecedent direction.' The array
wee then split so that twe penplep were developed¢ One WhoRa Lle
$ocodent dirceblion wan £ron the north clockwies Shrough one-bodf |
of the Bample -« the gdjvsted end pointe and probabillty elliipsse
for this nollf of $he ravple are Geen in the middle of ths slids)
tha romedining 35 hour adiusied positions and probebility elldpses
for the other hal? of ths sanple -- For those gloras whose notecedent
directione were fromaiore southerly or westerly -- ars shown at

tho bobtteam of the alide. This sinple stratilizetion does alier the
¥iaxgsd™ position.

4 stnilar set of ellipses for square #2 is shown. here, with similar
strutificetion by wotecedent motion.

. . i

2 will ekip squares 3-8 and glerce at the mame typz of figure for
storm movlan subseguant Lo recurvature. The total ssmple for
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square 9 is seen in the top dlepram end the stratified data are
scen in the middle and lower pictures. Remember; the middle
figure showa half of the storme whose antecedent direction is
errayed starting at the north and woving clockwise through 50%

of the availeble data, &nd the bottom porticn contains thosa

storms with more westerly end southerly entecedent positions.
The effect of stratification reversee the relation of the tar-
gets after recurvaturea. :

Going back now to the total sample, the adjusted 36 hour posi-
tiong were plotted and the bearing to the adjusted antecedent .

position wes entered alongside each plotted end point. Then

isolines of thege bearings were constructed. These values for
square 1 (on the bottom) and 2 end 3 {on the top) are shown
here. Tha isopleths of antecedent bearing ¢learly demonstrate
the stratification effect of this factor on Bubsequent storm

motiaon,.

Similar diagrams for squares h, 5, and €& are shown in this slide.
The last tbhree squares studied are {1lustreted here, |

Coing back to square 1, 40 and 95% probebility ellipses were con=- .
structed for 36 hour, 72 hour, and 108 hour movements, agesin :
using only those storms which occurred within two weeks before or
after the date of Cleo. The 40% probebility ellipses are shown

in blue and the 95% ellipses in red for each of these three time
periods. The track of Cleo 18 entered in black.

A problem often facing forecasters is "What is the probability
that & hurricane or tropical storm now in existence will strike
e specific target within some specified time interval?" Two
questions can be considered here: (1) Where do gtorms come from
to atrike this target? -~ and (2) Whot is the probability that
storms in this source regicn will surike thie target?

The fLirst question is illustrated here. Proévability ellipses con-
atructed on this slide are the initial poaitiona of troplcal storms
or hurricanes which passed within approximately 6Q nautical miles
of Galveston. The top figure shows storm positions 36 hours prior
to""gtrike™ and the bottom figure shows storm positions 72 hours
prior to "strike™. All portions of the season are included in
this sample, dbul only those storms which pnssed within tha gpeci-

fiad distance of the target.

Simih&r figures are shown hereo for those storms which passed within
approximately 60 nautical miles of Miami, Florida, at 36 and 72
hours. We were looking here only &t the queationt "Of those storms
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which passed within a specified distance of the target, what was
thedr pocition 36 hours before strike and 72 hours before atriks?"
In other words, if we nre concernad with the possibility of a
storm etriking Mieami, from which guarter does the danger orise?
Thege fipures do not answsr the quastion: "If a storm 1s in this
area, what 1s the likelihood that it will otrike Miami?" Both
parts of the guestlion must be dnvestigeted., ’

Cantinuing the investipation of ths first part of the question,
ve looked mt the previous positicne of the storms which affected
11 cities. We defined the term'"affccted" geometrically by stat-

‘4ng that any storm track which went through & square 2° of lati-

tude on & side {rith the ity at the center) affected that city.

‘The 40% probability ellipsca for the 36 hour prior positions of

 storms affccting 8 of the citics are shown here. The 40% ellipses

and the cities are color-coded with comparable colors. Thus, this

" 8lide shows usg the center of the mnrea from which storms have trave

eled to affect these 8 cities in 36 hours.

Looking now at the question of "What 18 the danger of a strike for

those storms located in o spacified area?" we will go back to the
data tabulated for the 9 squares used in the Cleo study, simply
because these data were available to us end we have not yet taken

. the time to construct such figurzs for aress located at centers of

the ellipses a8 shown in the last figure. Locking at square 1 and
again only those storms within two weeks before or after Cleo's

" date, we can see the L0% ellipses (the shaded ellipse) for the 36

~

- hour position end the probability that 36 hours after being in the
. center of the phaded mquare the storm positior will ke within the

.2 mquare containing the city. Thus, storms centered now in the
. phaded squave have & probability of .073 of being within 60 nauti-
. cal miles of San Juan 36 hours frem now end & probability of .00k

of being within 60 nauticel miles of Kingston, Jamaics; 30 hours

.

o from now. Tl

These values are probabilities for a given point and time, nob
-cumulative probabilitics for all points within a specified tlime

~ interval, or for a&ll times at a given point. Obviously, at San Juan
. this latter number would bae larger than the nunber shown here,

since the storms which passed through San Juan's square in the 36

-," hours would be included, They are not inciuded in these point
[, probebilities. S ST

.. Skipping to square li, we can Bee again tha 40% probability ellipse
. for 36 hour future positions of storms centered now in the 5° lati-

tude sguare. The provability that the storm will be within the
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2°* nquars about Key West in 36 hours is .03 end the probability
that 1t will be in the 2° square sbout Miami in 36 hours is .03.
Apgain, these are values of probobility at & glven polint in time,
rather than accunulated over the time interval,

The seme information 18 shown here for storms within square 5.

The probability that they will be within the 2° square about

Key West 1s .0053 for Mimmi, .01} for New Orleans, .003 and for
harleston, .023. We have not yet camputed values forxr Tampa

or Jacksonville, but they would obviously be substantially higher

sBince we are considering the probability of a storm being at a

specific point at & epecified time. Again the L0% probability

ellipses for the 36 hour position is shaded. '

Let us go back to square 1 and look at these probabilities and

the 40% ellipses for 30, 72, and 108 hours. We see here the same
probabilities that we looked at & moment ago for the 36 hour strike
likelihood and LO% ellipses for etorms passing through square 1
within two weeks befora or after Cleo's date.

Now, let us look a4 72 hours after passapge through this aquare..
The probability at Kingston, Jamnica; is .025; .at Havana, Cuba, .
«008; Key West, Fla., .004j Miami, .003; and less than O to three
decimals at the other cities on the graph. At 72 hours after pass=-
age through the mid-point of the sheded square 40% of the storms
may be expected to be within the stippled ellipse,

If we look into longer range prediction; apgain for square 1, we
can develop the likelihood of the storm position being within the
2° square around these same cities after 108 hours. At Kingston,
Jamaica, it is .003) .023 for Havana, Cuba; .023 for Key West} '
+022 for Miamij ,00L for New Orleans; and .002 for Charleston.

Lo% of the storms passing through the center of the shaded square
will, in 108 houre, be located within the stippled allipses.

Using these data, one can construet a hurricane strike probability
table. Such & table is shown herxe for these 11 cities and storms
centered at each of the 9 squares for 36 hour movement and at square
1 for 72 and 108 hour movement. These date are shown &8 an example
of the type of objective climatological analyses which can be made
to determine & probebility of storm strike for specific locations
at specified times in the future for storms located in given locations.
To coustruct such a table for all possible 5° squares and all seg-
ments of the season of tropical storm activity for all target cities
would be a substantial undertaking, but is one which the Pforecaster
might consider asking the climatologist to undextake if the fore-
caster. is required to provide statementa ag to the probability of

D
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atorms affecting specific locationa within stated time intervels.

19A.  The figures contained here are not "within time intervals" but
are ot specified times. They are shown for purposes of illug-
: tration only. An scoumulation of valuee for given times would
yield the values for the probebility of storm &trike within a

given future tima interval.
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Probability Cones of 0.40 and 0.95 Probability of 36, 72, and
108~-Hour Movement of Tropical Storms Passing Through a

Five-Degree Latitude and Longitude Square Centered on the
Path of August 1964 "Cleo"

&

:

5

4
P

257

Square 1-The most southerly and easterly five-degree
square of the nine squares used in this study. Storms
were moved to a point on "Cleo's" path in center of

square from their closest 7 AM position.



HURRICANE POSITION PROPARIIITIES FROM CLIMATOLOGICAL DATA

SQUARE 1

O
15° N. Lat.
(a.) Total Distribution ' s
') .
O = ~,
W
15° N. Lat. // o
% —
o

L

(b.) Distribution of one-half of storms from an array of prior
24-hour "direction from' arrayed clockwise from north

I5°N. Lat.

(c.) The remaining one-half of the storms (prior ''direction
from' further clockwise in array)

oW. Long. 80 70 60

Figure 1. Probability Ellipses of position of tropical storms (1886-1963)
which passed through 5-degree area centered on an August 1964
position of '"Cleo''.




HURRICANE POSITION PROBABILITIES FROM CLIMATOLOGICAL DATA
SQUARE 2

0 9
L)
s
I5S°N. Lat. D
0
o
[
¢
1]
LI
&
15° N. Lat. 7
: / g
' o

(b.) Distribution of one-half of storms from an array of prior
24-hour '"'direction from' arrayed clockwise from north

14
» ':
e
159N, Lot 95 0 !
A Q
{c.) The remaining one-half of the storms (prior 'direction ©
from'" further clockwise in array) !
°W. Long. 80 70 60

Figure 2. Probability Ellipses of position of tropical storms (1886-1963)
which passed through 5-degree area centered on an August 1954
position of ""Cleo''.



HURRICANE POSITION PROBABILITIES FROM CLIMATOLOGICAL DATA
SQUARE 3

159 N. Lat.

(a.) Tbtal Distribution

> .
®
I
()
I5° N. Lot. 3
(b.) Distribution of one-half of storms from an array of prior
24-hour "direction from' arrayed clockwise from north
SN ,

s g

©

15°N. Lat. \ 0

(c.) The remaining one-half of the storms (prior "direction
from' further clockwise in array)

°wW. Long. 90 80 70

Figure 3. Probability Ellipses of position of tropical storms (1886-1963)

which passed through 5-degree area centered on an August 1964
position of '"Cleo',



20°N. Lot.

HURRICANE POSITION PROBABILITIES FROM CLIMATOLOGICAL DATA
SQUARE 4

</ >
Y

S —
/e

20°N. Lat.

20° N. Loat.

(b.) Distribution of one-half.of storms from an array of prior
24-hour ''direction from'' arrayed clockwise from north

(c.) The remaining one-half of the storms (prior 'direction
from' further clockwise in array) ) '

°W. Long. 90 80 70

Figure 4. Probability Ellipses of position of tropical storms (1886-1963)

which passed through 5-degree area centered on an August 1964
position of '""Cleo'.



HURRICANE POSITION PROBABILITIES FROM CLIMATOLOGICAL DATA
SQUARE 5

25°N.Lat.

{a.) Total Distribution

25°N.Lat.

(b.) Distribution of one-half of storms from an array of prior
24-hour ''direction from' arrayed clockwise from north

25°N Lot

{(c.) The remaining one-half of the storms (prior "directioﬁ
from'" further clockwise in array)

“OW.Long. 100° 30 80 70
Figure 5. Probability Ellipses of position of tropical storms (1886-1963)

which passed through 5-degree area centered on an August 1964
position of '""Cleo",



30°N. Lat.

30°N. Lat.

30°N. Lat.

HURRICANE POSITION PROBABILITIES FROM CLIMATOLOGICAL DATA
SQUARE 6

.

(a.) Total Distribution

%%

T

{(b.) Distribution of one-half of storms from an array of prior
24-hour ''direction from' arrayed clockwise from north

X

(c.) The remaining one-half of the storms (prior "direction
from!' further clockwise in array).

! I l

°W.Long, SO 80 70

Figure 6. Probability Ellipses of position of tropical storms (1886-1963)
which passed through 5-degree area centered on an August 1964
position of ""Cleo'.



HURRICANE POSITION PROBABILITIES FROM CLIMATOLOGICAL DATA
SQUARE 7

| '@gﬁ,{e
35°N.Lat. //'{:‘"’;:‘? :
=2 77

(a.) Total Distribution

7 95
%,

(b.) Distribution of one-half of storms from an array of prior
24-hour "direction from' arrayed clockwise from north

35%N.Lat.

359N.Lat.

{c.) The remaining one-half of the storms (prior ""direction
from'" further clockwise in array)

°W.[__ong. 80 70 60 50

Figure 7. Probability Ellipses of position of tropical storms (1886-1963)
which passed through 5-degree area centered on an August 1964
position of '""Cleo"'.



HURRICANE POSITION PROBABILITIES FROM CLIMATOLOGICAL DATA

R SQUARE 8

| l ' .

\._,—/95 5

35°N.Lat.

(a.) Total Distribution

35°N.Lal.

(b.) Distribution of one-half of storms from an array of prior
24-hour ''direction from'" arrayed clockwise from north

359N.Lat.

{c.) The remaining one-half of the storms (prior "direction
from'' further clockwise in array)

°w. Long. I l
80 70 60 50
Figure 8. Probability Ellipses of position of tropical storms (1886-1963)
which passed through 5-degree area centered on an August 1964
position of '"Cleo'',



HURRICANE POSITION PROBABILITIES FROM CLIMATOLOGICAL DATA
SQUARE 9

35° N. Lat.

35°N. Lat.

(b.) Distribution of one-half of storms from an array of prior
24-hour "direction from" arrayed clockwise from north

359 N, Lo,

(c.) The remaining one-half of the storms (prior '"direction
from'" further clockwise in array)

| |

°W. Long. 70 60 50 40

Figure 9. Probability Ellipses of position of tropical storms (1886-1963)
which passed through 5-degree area centered on an August 1964
position of '"Cleo".



0.40 and 0. 95 Probability Ellipses of 36-hour Tropical Storm Movements
from the Center of Five-Degree Latitude and Longitude '"Squares'. Direction
Isolines (Bold Lines) are in Degrees Clockwise from North for 24 Hours
Prior to 7 A.M. EST Position Nearest Square Through Which Storms Passed.
The Five-Degree Squares are Centered on August, 1964 ""Cleo's' Path.

d |
< 7

I5°N. Lat,

15° N. Lat.

oW, Long. 90

Figure 10.

15° N. Lat.

SQUARE 3

SQUARE 2

095

SQUARE 1 p

80 70 60

Distribution of tropical storms passing through the eastern and
southernmost {ive-degree '"Squares'' used in this study ceatered
on '""Cleo's" path



0.40 and 0. 95 Probability Ellipses of 36-Hour Tropical Storm Movements
from the Center of Five~Degree Latitude and Longitude '""Squares'". Direction
Isolines (Bold Lines) are in Degrees Clockwise from North for 24 Hours
Prior to 7 A.M. EST Position Nearest Square Through Which Storms Passed.
The Five-Degree Squares are Centered on August, 1964 '"Cleo's' Path.

I 1

200

240
160

140
120, R
' 40

130,

150,

180
300 N. Lat 95
/ 220> T/
{ SQUARE 6
/
259 N. Lat..
70
20° N. Lat.
°W.Long. 90 80 7|0

Figure 11. Distribution of tropical storms passing through the westernmost
five-degree squares centered on '"Cleo's' path



0.40 and 0.95 Probability Ellipses of 36-Hour Tropical Storm Movements
from the Center of Five-Degree Latitude and Longitude '"Squares'. Direction
Isolines (Bold Lines) are in Degrees Clockwise from North for 24 Hours
Prior to 7 A.M. EST Position Nearest Square Through Which Storms Passed.
The Five-Degree Squares are Centered on August, 1964 '""Cleo's" Path,

o !
7

359 N, Lat.

35°N. Lat,

35° N. Lat.

Figure 12.

l l

(v
120 {l "0

130 7 200 .
140 220 -
330

186 210

el SQUARE 8

SQUARE 7

°W. Long. 80 70 60 50

Distribution of tropical storms passing through the most northern
and eastern five-degree squares used in this study centered in
"Cleo"s'" path
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FIGURE 14, SHOWN ARE SELECTED COASTAL CITIES FOR WHICH STORM STRIKE PROBABILITIES HAVE BEEN COMPUTED

FROM THE FIVE-DEGREE SQUARE STATISTICS. THE AREA AROUND THE CITIES COVERS ONE DEGREE OF LATITUDE
MEASURED FROM THE CENTER OF A CITY PERPENDICULAR TO A SIDE OF THE SQUARE AT THAT CITY'S LATITUDE, AND

IS THE AREA OF STRIKE PROBABILITY,
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HURRICANE STRIKE PROBABILITIES
FROM CLIMATOLOGICAL DATA

SQUARE 1

Ga.lvzeston''J%Z;;s"'j . New Orleans, La.
342 / 5( (

O -

= 258

1 750 .

. - 2 —ra 4 ‘ PR3 .
FIGURE 15. SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM 36
HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,
1964, POSITION OF "CLEO'". PROBARILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH THE
SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0,40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION
CENTROID IS SHOWN. AN ASTERISK INDICATES A PROBABILITY LESS THAN 0. 000, THE PERIOD OF RECORD, 1886-1963,
WAS USED TO PRODUCE THESE STATISTICS.
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FIGURE 16,

CENTROID IS

HURRICANE STRIKE PROBABILITIES
FROM CLIMATOLOGICAL DATA

SQUARE 2

Y 0| A
R A e - 2
s New Orleans, La.
n, Texas e ’

SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM 36
HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,

1964, POSITION OF "CLEQ", PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH THE
SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0,40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION :

SHOWN, AN ASTERISK INDICATES A PROBABILITY LESS THAN 0,000, THE PERIOD OF RECORD, 1886-1963,

WAS USED TO PRODUCE THESE STATISTICS,

5 m——



el

‘5; j N Ej‘\f*w' ‘}\

/ S G‘?.l.ves£°n; Texas

~r

. ° 741 ; 9}6—] 6
S s — ~ tl\ | !59."

New Orleans, La.( = ,f

. HURRICANE STRIKE PROBABILITIES
FROM CLIMATOLOGICAL DATA
SQUARE 3
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FIGURE 17. SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM
36 HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,

1964, PCSITION OF "CLEO'",

PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH THE

SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0.40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION
CENTROID IS SHOWN, AN ASTERISK INDICATES A PROBABILITY LESS THAN 0, 000, THE PERIOD OF RECORD, 1886-1963,
WAS USED TO PRODUCE THESE STATISTICS.




HURRICANE STRIKE PROBABILITIES
FROM CLIMATOLOGICAL DATA
SQUARE 4

220
ns, La.

- T - u es 0 . | , 2% .
FIGURE 18, SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM

36 HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,
1964, POSITION OF "CLEO". PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH
THE SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0,40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION
CENTRCID IS SHOWN. AN ASTERISK INDICATES A PROBABILITY LESS THAN 0.000, THE PERIOD OF RECORD, 1886~-1363,

WAS USED TO PRODUCE THESE STATISTICS.
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HURRICANE STRIKE PROBABILITIES

T FROM CLIMATOLOGICAL DATA
00\_ . .
SQUARE 5
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FIGURE 19, SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM 36
HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,
1964, POSITION OF '""CLEQ". PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH THE
SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0.40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION
CENTROID IS SHOWN. AN ASTERISK INDICATES A PROBABILITY LESS THAN 0,000, THE PERIOD OF RECORD, 1886-1963,
WAS USED TO PRODUCE THESE STATISTICS. '




. * HURRICANE STRIKE PROBABILITIES

FROM CLIMATOLOGICAL DATA

SQUARE 6 .
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FIGURE 20. SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM 36

HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,
’ 1964, POSITION OF "CLEO". PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH THE
! SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0.40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION
CENTROID IS SHOWN, AN ASTERISK INDICATES A PROBABILITY LESS THAN 0. 000. THE PERIOD OF RECORD, .1886-1963,

WAS USED TO PRODUCE THESE STATISTICS.
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’ '_l HURRICANE STRIXKE PROBABILITIES

FROM CLIMATOLOGICAL DATA

SQUARE 7

FIGURE 21, SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM
36 HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,
1964, POSITION OF "CLEO'. PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH
THE SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0.40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION
CENTROID IS SHOWN. AN ASTERISK INDICATES A PROBABILITY LESS THAN 0, 000, THE PERIOD OF RECORD, 1886-1963,
WAS USED TO PRODUCE THESE STATISTICS,.
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FIGURE 22. SHOWN ARE PROBABILITIES THAT SPECI
36 HOURS AFTER THE STORM PASSES THROUGH THE
1964, POSITION OF "CLEO'". PROBABILITIES MAY BE

THE SQUARE, YET NOT THROUGH THE EXACT CENTE

0
HURRICANE STRIKE PROBABILITIES
FROM CLIMATOLOGICAL DATA

SQUARE 8

FIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM
CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,
ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH

CENTROID IS SHOWN, AN ASTERISK INDICATES A PROBABILITY LESS THAN 0. 000, THE PERIOD OF RECORD, 1886-1963,

WAS USED TO PRODUCE THESE STATISTICS.
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HURRICANE STRIKE PROBABILITIES

FROM CLIMATOLOGICAL DATA
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FIGURE 23, SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM
36 HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,

' 1964, POSITION OF "CLEO".

PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH THE

. SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0,40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION

5 CENTROID 1S SHOWN.

AN ASTERISK INDICATES A PROBABILITY LESS THAN 0, 000, THE PERIOD OF RECORD, 1886~1963,

" WAS USED TO PRODUCE THESE STATISTICS. /
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HURRICANE STRIKE PROBABILITIES

FROM CLIMATOLOGICAL DATA
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FIGURE 24. SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM 72
HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,
1964, POSITION OF “CLEO". PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH THE
SQUARE, YET NOT THROUGH THE EXACT CENTER., A 0,40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION

CENTROID [S SHOWN. AN ASTERISK INDICATES A PROBABILITY LESS THAN 0, 000, THE PERIOD OF RECORD, 1886-1963,
WAS USED TO PRODUCE THESE STATISTICS.
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FIGURE 25. SHOWN ARE PROBABILITIES THAT SPECIFIED CITIES WILL BE HIT BY A HURRICANE OR TROPICAL STORM
108 HOURS AFTER THE STORM PASSES THROUGH THE CENTER OF THE FIVE-DEGREE SQUARE CENTERED ON AN AUGUST,
1964, POSITION OF "CLEO'". PROBABILITIES MAY BE ADJUSTED SLIGHTLY FOR ANY STORM WHICH PASSES THROUGH

THE SQUARE, YET NOT THROUGH THE EXACT CENTER. A 0,40 PROBABILITY ELLIPSE CENTERED ON THE DISTRIBUTION
CENTROID IS SHOWN. AN ASTERISK INDICATES A PROBABILITY LESS THAN 0.000. THE PERIOD OF RECORD, 1886-1963,

WAS USED TO PRODUCE THESE STATISTICS,
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HURRICANE STRIKE PROBABILITIES FROM CLIMATOLOGICAL DATA

OF SPECIFIED COASTAL CITIES

Galveston, Texas

25° N. Lat.—

(a) Prediction Time (36 Hours)

25° N. Lat.——

(b) Prediction Time (72 Hours)

°W. Long. 100 90 80 70

Figure 26, Hurricane and tropical storm strike probabilities in {a) 36 hours
and (b) 72 hours at specific coastal cities, The 0.40 and 0. 95 probability )
ellipses are centered on the distribution centroid. This distribution is based
on data from storms which did strike or pass within two degrees latitude of
the city shown, during the period 1886-1963. The distribution is not dependent
on prior storm trajectory. This does not include hurricane and tropical
storms within the ellipse area which did not strike the city,
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HURRICANE STRIKE PROBABILITIES FROM CLIMATOLOGICAI: DATA

OF SPECIFIED COASTAL CITIES

New Orleans, Louisiana

25° N. Lat, ——

> ' g
(a) Prediction Time (36 Hours) . m

25° N. Lat,—

{b) Prediction Time (72 Hours)

| | | :
°W. Long. 100 90 80 7,0
Figure 27. Hurricane and tropical storm strike probabilities in (a) 36 hours
and (b) 72 hours at specific coastal cities. The 0.40 and 0. 95 probability
ellipses are centered on the distribution centroid. This distribution is based
on data from storms which did strike or pass within two degrees latitude of
the city shown, during the period 1886-1963. The distribution is not dependent

on prior storm trajectory. This does not include hurricane and tropical
storms within the ellipse area which did not strike the city.



HURRICANE STRIKE PROBABILITIES FROM CLIMATOLOGICAL DATA

OF SPECIFIED COASTAL CITIES
Key West, Florida

20°N. Lat.—

(a) Prediction Time (36 Hours)

20°N. Lat.—

(b) Prediction Time (72 Hours)

°W. Long. 90 80 70

Figure 28, Hurricane and tropical storm strike probabilities in {a) 36 hours
and (b) 72 hours at specific coastal cities. The 0.40 and 0. 95 probability
ellipses are centered on the distribution centroid. This distribution is based
on data from storms which did strike or pass within two degrees latitude of
the city shown, during the period 1886-1963. The distribution is not dependent
on prior storm trajectory. This does not include hurricane and tropical
storms within the ellipse area which did not strike the city.
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HURRICANE STRIKE PROBABILITIES FROM CLIMATOLOGICAL DATA

OF SPECIFIED COASTAL CITIES

Miami, Florida

25°N. Lat.

(a) Prediction Time (36 Hours)

25°N, Lat.

(b) Prediction Time (72 Hours)

| | | R
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Figure 29. Hurricane and tropical storm strike probabilities in (a} 36 hours
and (b) 72 hours at specific coastal citles, The 0. 40 and 0. 95 probability
ellipses are centered on the distribution centroid. This distribution is based
on data from storms which did strike or pass within two degrees latitude of
the city shown, during the period 1886-1963. The distribution is not dependent
on prior storm trajectory. This does not include hurricane and troplcal
storms within the ellipse area which did not strike the city.



HURRICANE STRIKE PROBABILITIES FROM CLIMATOLOGICAL DATA .

OF SPECIFIED COASTAL CITIES

Charleston, South Carolina

25°N. Lat,———

(a) Prediction Time (36 Hours)

| ' |
°W. Long. 90 80 70 '

Figure 30. Hurricane and tropical storm strike probabilities in (a) 36 hours
and {b) 72 hours at specific coastal cities. The 0.40 and 0. 95 prohability
ellipses are centered on the distribution centroid. This distribution is based
on data from storms which did strike or pass within two degrees latitude of
the city shown, during the period 1886-1963. The distribution is not dependent
on prior storm irajectory. This does not include hurricane and tropical
storms within the ellipse area which did not strike the city.
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" HURRICANE STRIKE PROBABILITIES FROM CLIMATOLOGICAL DATA

OF SPECIFIED COASTAL CITIES

Norfolk, Virginia

30°N. Lat.

(a) Prediction Time (36 Hours) o [\\4 3

= o

(b) Prediction Time (72 Hours)

°W. Long. 90 80 70

Figure 31. Hurricane and tropical storm strike probabilities in (a) 36 hours
and (b) 72 hours at specific coaastal cities. The 0.40 and 0. 95 probability
cllipses are centered on the distribution centroid. This distribution is based
on data from storms which did strike or pass within two degrees latitude of
the city shown, during the period 1886-1963. 'The distribution is not dependent
on prior storm trajectory. This does not include hurricane and tropical
storms within the ellipse area which did not strike the city.



35°N. Lat.

(a) Prediction Time (36Hours)

(b) Prediction Time (72 Hours)

HURRICANE STRIKE PROBABILITIES FROM CLIMATOLOGICAL DATA

OF SPECIFIED COASTAL CITIES

New York, New York

°W. Long. 90 80 70

Figure 32. Hurricane and tropical storm strike probabilities in (a) 36 hours
and (b) 72 hours at specified coastal cities. The 0.40 and 0. 95 probability
ellipses are centerd on the distribution centroid. This distribution is based
on data from storms which did strike or pass within two degrees latitude of
the city shown, during the period 1886-1963. The distribution is not dependent
on prior storm trajectory. This does not include hurricane and tropical
storms within the ellipse area which did not strike the city.



HURRICANE STRIKE PROBABILITIES FROM CLIMATOLOGICAL DATA

OF SPECIFIED COASTAL CITIES

Boston, Massachusetts

35° N. Lat.

(a) Prediction Time (36 Hours)

30° N. Lat. —

{(b) Prediction Time (72 Hours)

°W. Long. 90

Figure 33, Hurricane and tropical storm strike probabilities in (a) 36 hours
and (b) 72 hours at specific coastal cities, The 0.40 and 0. 95 probability
ellipses are centered on the distribution centroid. This distribution is based
on data from storms which did strike or pass within two degrees latitude of
the city shown, during the period 1886-1963. The distribution is not dependent
on prior storm trajectory. This does not include hurricane and tropical
storms within the ellipse area which did not strike the city.
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Figure 35

* indicates a probability less than 0,000

Note:




